Introduction
Since the identification of the first case of acquired immunodeficiency syndrome (AIDS) in the United States and the realization that there was a vigorous ongoing epidemic in sub-Saharan Africa in the early 1980s, AIDS has been defined as a pandemic of enormous magnitude and scope. AIDS became a leading cause of death among young adults, with pronounced impacts on society, the economy, and family structure and dynamics in the most affected areas. According to the Joint United Nations Programme on HIV/AIDS (UNAIDS), in 2005 approximately 40 million people were living with HIV/AIDS, with 4 million new infections and 2.8 million deaths secondary to AIDS worldwide 1 .
Highly active antiretroviral therapy (HAART) has led to a substantial increase in the survival of persons living with AIDS (PLWAs) 2 , but with clear differences according to socioeconomic and demographic characteristics 3 . Of special concern, however, is the fact that a huge number of PLWAs in developing countries, especially in sub-Saharan Africa, lack access to antiretroviral therapy (ART) 4 .
Early diagnosis, speedy referral to treatment, and effective engagement in treatment are key elements for improved prognosis and longer survival 5 .
The AIDS epidemic has been especially dynamic in Brazil, with various changes such as the ARTIGO ARTICLE decrease in the number of AIDS cases among injection drug users (except for southern Brazil, where the decline has been slight or there has even been an increase in recent years in some municipalities 6 ) and the proportional increase of AIDS cases secondary to heterosexual transmission 6 and among disadvantaged population strata 7, 8 .
AIDS deaths have been decreasing since the mid-1990s, roughly following the trends in AIDS incidence 9 , with a marked additional effect secondary to the substantial increase in survival after the introduction of HAART 10 , despite clear heterogeneities between men and women and across different geographic regions 11 .
With the ongoing change in the epidemic's socioeconomic profile, it is essential to verify whether the universal ART access policy adopted by the Brazilian Ministry of Health since 1996 12 has led to a real reduction in AIDS mortality inequalities in Brazil.
The present study aims to assess AIDS mortality during two decades of the epidemic in Brazil, with special emphasis on the period since the introduction of HAART. The variable "race or skin color" was used as one dimension of social inequality in a country plagued by deep contrasts, generally combining social, economic, and geographic inequalities. For the sake of the present analyses, we assume that the "race or skin color" variable (hereinafter "race/color") has been associated with other social and economic inequalities, as shown by data documenting labor market and income differentials between "whites" and "blacks" 13 . Secular AIDS mortality trends by race/color were evaluated through the annual percentage variation of rates for each race/color category, by sex, and adjusted by an exponential regression model fitted against time (1999) (2000) (2001) (2002) (2003) (2004) . Nonpaired t tests were applied to the angular coefficients to verify the statistical significance of the secular trends.
Methodology
AIDS deaths were compared to deaths from other causes and ranked among the main causes of death in Brazil, by sex, in the 15-54-year age group. A coding system and spreadsheet especially designed for the purpose, the ICD-BR-10, created by experts from the Brazilian Ministry of Health, was used, comparing mortality data from 1996 (the first year of ICD-10 implementation and the beginning of HAART in Brazil) to 2004 (http://tabnet.datasus.gov.br/cgi/sim/obtcid10br.htm). For sake of comparison, the first subcategory related to the abovementioned list was used, after excluding deaths due to external causes (ICD-BR-10 codes 103-112) and those that occurred in the absence of medical assistance or resulted from ill-defined causes (ICD-BR-10 codes 100-102). Deaths with AIDS as the underlying cause were included in the subcategory "viral infections".
The proportion of AIDS deaths according to the disaggregated fourth-character subcategories of Human immunodeficiency virus [HIV] cause of death (ICD-10 codes B20.0-B23. 
Results
From 1980 to 2004, 172,000 AIDS deaths were reported to SIM. The median number of monthly reported AIDS deaths increased 22.6% per year from 1990 to 1996, reaching 1,269.5 deaths by the end of the period, despite relative stabilization of monthly death reports since 1995.
Beginning in mid-1996 the number of deaths declined substantially, leveling off thereafter under a threshold of 1,000 AIDS deaths per month, until 2004 ( Figure 1 ). Mortality rates were invariably higher among men than women ( (Table 1) .
Among all deaths due to "viral infections" from 1996 to 2004, according to ICD-BR-10 at least 90% were AIDS deaths for both men and women. Thus, for comparison purposes in this article, the relative position of deaths due to "viral infections" will be taken as a proxy for the relative position of AIDS deaths in ranking major causes of death in Brazil.
In 1996, among deaths with a known cause, after excluding those secondary to external causes, AIDS (i.e., "viral infections") ranked as the first cause of death among males aged 15-54 years (12% of the total), and fourth among causes of death in females in the same age group (6.4% of the total) ( Figure 2 ).
In 2004, AIDS was the fourth cause of death in males (7.8% of the total) and fifth in females (5.5%). Table 2 provides data on AIDS mortality rates, annual variation (%), and respective p-values, according to race/color, by gender, from 1999 to 2004. The race/color categories "Asian" and "Indigenous" were excluded from the analysis since they represented only 1.2% of all deaths in the period (for both genders).
AIDS mortality rates in white males remained stable throughout the target period. AIDS deaths among black males increased by 4. AIDS mortality rates in mixed-race males remained the lowest of the three race/color groups under analysis, despite an upward trend of 3.8% per year (p = 0.019).
The figures were somewhat different in women. For white women there was a 3.8% mean yearly increase (p = 0.075), contrasting with the trends for men. For black women, AIDS mortality increased at a fast pace until 2001, from 7.0 to 9.8 deaths/100,000 women, stabilizing thereafter, with a mean annual increase of 6.4% for the entire target period.
Overall mortality among black women was 2.3-2.7 times that of whites. Such differential mortality decreased in 2004, but remaining as a greater disparity than that observed among men. The latter differentials are again unfavorable for black men, with rates 1.8 those of whites. Mixedrace individuals showed the lowest rates, despite a constant and steep yearly increase of 7% (p = 0.004) in females.
Median age at death from AIDS for males over 12 years of age varied from 36 to 39 years for both whites and blacks, but the variation was less pronounced among the latter, reaching a median of 39 years in 2004. Meanwhile, median age at death for mixed-race individuals was consistently lower, although increasing from 34 to 38 during the same period.
Median age at death for women was consistently lower among those classified as mixedrace (35-37 years) as compared to whites and blacks (34-38 and 35-38, respectively).
The proportional distribution of AIDS deaths by underlying cause and respective subcategories (using a four-digit coding system) was then tabulated by gender and race/color, among individuals 15-54 years of age.
The years 1999 to 2004 were used as the standard years for comparison, due to the high proportion of deaths classified as "unspecified human immunodeficiency virus [HIV] disease" (B24) in the preceding years (i.e., the B24 category corresponded to less than 20% of AIDS deaths only after 1998).
Over the years, AIDS deaths classified as "resulting in infectious and parasitic diseases" (B20) prevailed, with nearly 80% of the total for both men and women. Among the deaths in the B20 category, 30% were classified as "resulting in other infectious and parasitic diseases" (B20.8). This subcategory decreased slightly over the years, in parallel with an increase in deaths "resulting in multiple infections" (B20.7), which increased from 28% of the total in 1999 to 35% in 2004.
AIDS deaths classified as "resulting in mycobacterial infection" (B20.0 -"resulting in tubercu- losis") were slightly more common among males, with a decrease from 14% to 10% from 1999 to 2004, a trend similar to that observed in females (from 11.5% to 9.5% in the same period).
Deaths "resulting in other specified diseases" (B22) corresponded to roughly 15% of the total, with no discernible trend over the years. Among these deaths, those "resulting in multiple diseases classified elsewhere" (B22.7) varied from 67.5% in 1999 to 74.4% in 2004, with roughly similar trends for women, although with lower proportions.
No significant differences were found when AIDS deaths from 1999 to 2004 were analyzed by race/color for both men and women. Deaths "resulting in infectious and parasitic diseases" (B20) were slightly more frequent among blacks and "mixed-race individuals as compared to whites. Meanwhile, deaths "resulting in malignant neoplasms" (B21), although quite rare, corresponding to only 3% of the underlying causes, were slightly more prevalent among whites as compared to blacks and mixed-race. Figure 3 shows the proportional distribution of the five main fourth-character subcategories of Human immunodeficiency virus [HIV] (codes B20.0-B23.8) cause of death in males ages 15 to 54. The subcategories "resulting in other infectious and parasitic diseases" (B20.8) and "resulting in multiple infections" (B20.7) were the first and second most frequent causes of death, respectively, for individuals belonging to any of the three race/color categories for both men and women in 1999.
A reversal of the previous trends was observed in 2004, with a proportional reduction of 15% in deaths classified as B20.8 and a 35% increase of those classified as B20.7 among both whites and blacks. However, there were relevant differences in deaths "resulting in mycobacterial infection" (B20.0 -"resulting in tuberculosis"). These represent the third cause among black and mixedrace males, but the fourth among whites, with a sharp reduction among the latter from 1999 to 2004. The patterns in women were quite similar to those observed in men.
Discussion
The present paper documents changes in Brazilian AIDS mortality trends over time, especially relevant since the latter half of 1996, with the introduction of HAART. Due to the complexity of the new treatment regimens, in December 1996 the Brazilian Ministry of Health issued the first 16 , aiming to inform and guide health professionals on the proper use of antiretroviral treatment (ART) and drugs for prophylaxis of opportunistic diseases. Since the early 1990s Brazil had already been distributing ARVs 17 , although erratically, and such policy became better organized, with the distribution of guidelines 16 and reorganization and accreditation of services for optimal management and care for PLWAs. Such concerted efforts contributed to country's dramatic decline in AIDS mortality, followed by its relative stabilization at a much lower threshold.
version of its HIV/AIDS Treatment Guidelines
The Federal government launched its comprehensive ARV distribution effort in December 1996 18 , but the medicines had been supplied previously by some State and Municipal Health Authorities. For instance, São Paulo, Brazil's most industrialized State and that most heavily affected by the AIDS epidemic, provided combination ART since August 1996 19 .
As of late 1996 a steep decline in AIDS mortality was observed, along with a progressive increase in median age at death and a decrease in the proportion of AIDS death in Brazil's all-cause mortality ranking.
Universal free access to ARVs has since remained a key dimension of Brazilian health policy, guaranteeing to PLWAs who are eligible for ART (as defined by the abovementioned guidelines) the provision of full medication as needed. This policy has been considered highly successful, especially in the context of a developing country like Brazil, plagued by deep socioeconomic and regional inequalities 20, 21 .
Women appear not to have benefited from HAART as much as men. Although women showed lower mortality rates than men, increases in AIDS deaths among women in recent years are a major concern. Such increases may reflect specific difficulties faced by women living with AIDS. Meanwhile, the mobilization of gay men since the very beginning of the epidemic in Brazil may partially explain the observed gender differences, since a relevant proportion of men have been actively engaged in the struggle against HIV/AIDS for many years.
A paper published in 1998 on an AIDS reference hospital in Rio de Janeiro showed worse prognosis for women living with AIDS on ART as compared men 22 , but such findings were not corroborated by subsequent studies 9 . Government initiatives at different levels to improve and expand HIV testing for pregnant women and prevent motherto-child HIV transmission of HIV 23 contributed to timely diagnosis and counseling of women, but the pressing need to provide their speedy referral to quality care remains a key concern 24 .
The study of social inequalities in health has used different indicators to compare populations with different socioeconomic conditions and address the associations between demographic, social, and economic variables and different health outcomes. Variables such as race/color have been targeted in studies assessing health inequality in heterogeneous countries like the United States 25 and Brazil 26 .
A consistent association between higher socioeconomic status and longer survival in AIDS patients has been documented in the United States, both in the pre-HAART 27 and post-HAART eras 28 . In Brazil, less than optimal access to health services among impoverished populations 29, 30 and higher morbidity and mortality in blacks and/or mixed-race (compared to whites) have been documented by various studies 31, 32, 33, 34 .
Although AIDS mortality rates have remained stable among men in the last decade, the increasing rates in blacks and the still low but increasing rates among mixed-race individuals are a major concern. Such differences may translate into worse prognosis for those populations, probably reflecting a combination of delayed entry into treatment, higher losses to follow-up, and/ or low adherence, compared to other population groups 35 . However, the absence of a linear gradient between whites, mixed-race, and blacks speaks in favor of subtle and complex interrelationships between color/race and health conditions in Brazil. Studies using a more sophisticated classification of race/color, such as that by Caetano 36 , are still lacking in the field of HIV/AIDS in Brazil. The author employed a combination of self-reported and interviewer-classified race/color (using both crude and adjusted data) to assess sterilization among Brazilian women, and unlike previous reports, did not find a linear gradient between women classified as white, mixed-race, or black in detriment to the latter (i.e. in terms of abusively high sterilization rates among mixed-race and black women).
In the present study, we used race/color as defined by the corresponding variable in the SIM, with the well-known limitations in terms of inaccuracy and misclassification. One must also observe that in a country like Brazil with such extensive miscegenation, one must be cautious when using concepts and classifications employed by North American epidemiologists, as discussed by Travassos & Williams 37 .
Former studies document the progressive change in the socioeconomic profile of AIDS cases in Brazil, with the proportional increase in new cases among disenfranchised social strata 7, 8 . Late diagnosis of HIV infection has been associated with higher morbidity and mortality 17, 38, 39, 40, 41 and should be further explored according to different covariates, such as gender, race/color, and social class.
Brazilian Unified National Health System (SUS) is based on a permanent quest for equal and fair access to quality treatment. Public policies fostering universal access to any modality of care may help reduce mortality between different social segments 42 . In this sense, the inequalities evidenced by the current study, regardless of their association with gender, race/color, or social class or a combination of these variables merits further study. Public policies aiming to remedy prevailing inequalities should improve access to treatment and standard-of-care for all clients of the SUS, reinforcing the basic principle of equal treatment for any all, regardless of individual characteristics or social status 34 .
The exclusive utilization of secondary data, not validated by original empirical data, poses limitations to the current study. However, Brazil's SIM has improved its data in terms of completeness and accuracy 26, 43 . A previous study validated information from the system using quantitative and qualitative data from 15 Brazilian municipalities. The study showed that for deaths presumed to be associated with AIDS but which did not originally include AIDS as the underlying cause, only 10.7% were defined, after careful review, as additional deaths associated with AIDS 43 .
The present study did not identify major differences in specific causes of death after the introduction of HAART, as demonstrated by the recent international literature 38 , although the analysis of cohort studies rather than secondary data from national databases, as in the present study, may explain the contrasting findings. Nevertheless, further studies are still needed to verify whether AIDS patients that die in health facilities are unaware of their HIV status, thus leading to incorrect recording of cause of death.
The current gap in studies on the differential survival of people living with AIDS by gender, socioeconomic status, and race/color reinforces the need for further exploratory analyses 26 .
Race/color as an indicator of the socioeconomic status of deceased individuals is based on previous studies documenting the concentration of individuals classified as black and mixed-race in the most dispossessed strata in Brazil 13, 44, 45 . Due to a protracted and unjust development process, Brazil historically became one of the most unequal societies in the world 46 . Such inequalities have been associated with different socioeconomic and demographic variables, such as those related to social class, race/color, occupation, schooling, and gender.
The ongoing debate interprets Brazil's social and racial inequality according to two different hypotheses: one group views the social heterogeneities in terms of race/color as a consequence of underlying social and economic heterogeneities 47 , while the other sees the inequalities as directly related to race/color, as contended by some North American studies that explore the hypothesis that a racist society has unequal health standards, invariably unfavorable to racial/ethnic minorities 48 . In Brazil, the latter hypothesis has been explored by studies showing differential access to services and provision of care under different standards of quality in detriment to black and mixed-race individuals 49 . However, such studies are restricted to specific contexts and should be viewed with caution. Last but not least, recent Brazilian studies have found that race/color is an independent predictor of health status, after adjusting for other social and demographic variables 50 .
Despite the abovementioned limitations, this is the first paper to explore inequalities in AIDS mortality in a context of universal access. Further studies should address the most different dimensions of management and care for people living with AIDS in Brazil, since regardless of gender, race/color, sexual orientation, and social class they are entitled to receive optimal care and overcome difficulties in access to treatment, adherence, or psychosocial support. 
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